We have been searching for new photosensitizers (PS) for photodynamic therapy (PDT) of cancer based on extracts from Amazonian plants since 2009. In this paper, we demonstrate that, under certain conditions, the extract from fruits of the Amazonian palm Euterpe oleraceae (popular name Açaí) can serve as a PS for PDT treatment of murine breast cancer cells (4T1 cell line). We have been first to show directly that the photodynamic effect of plant PS is due to singlet oxygen.
INTRODUCTION
The PDT is a minimally invasive and promising modality to combat cancer. Advantage of this approach is less destructive activity compared to chemotherapy and radiotherapy [1] . In principle, the PDT process is based on the excitation of molecular oxygen into a cancer cell with a red light photon and, thereby, turning it into a reactive product (OH, 1 O 2 , etc.) initiating oxidative stress and, ultimately, destroying the target cell. However, the small size of both participants in the process makes it extremely unlikely that they will meet. Despite the significant progresses of drug design, herbal drugs remaining a potential source of pharmacology. The crucial step in the hunting for new drugs is the search for plant extracts that possessing medicinal properties. An Amazon ecosystem contains the great part of the botanical biodiversity of our Planet. However, very few natural pharmaceutics have reached the markets. Many recent papers have documented the phytochemical and pharmacological bases for the use of palms (Arecaceae) in ethnomedicine [2, 3] . Early publications were based almost entirely on interviews that solicited local knowledge. We have recently demonstrated that acai oil associated with nanoemulsion is a potential tool for fighting melanoma B16 [4] . Although in the work cited, we assumed that the singlet oxygen is responsible for the photodynamic effect, there was no evidence for this. In that work, we confined ourselves to demonstrating the generation of the ROS in the process of irradiating Asai oil with red light. Therefore, in this paper we compared the PDT effect of the extract from Acai oil with a direct measurement of the singlet oxygen generation in this extract upon irradiation.
MATERIALS AND METHODS
Oil from Euterpe oleraceb (Açaí) fruit were obtained by mechanical pressing of the seeds of a (popular name açaí). Subsequent to this, extraction with hot water from the oil was carried out and the resulting extract was dried in a vacuum.
Cancer cell culture of metastatic breast cancer (4T1) were maintained in 75 cm 3 culture dishes with DMEM medium supplemented with 10% of fetal bovine serum, 100 U/mL penicillin, and streptomycin (100 μg/mL). Cells were maintaining at: 80% humidity, 5% of CO 2 and 370 °C. The extract photocytotoxicity (the photodynamic effect) to 4T1 cells were measured in the dark and under illumination with red light of laser (MMoptics, Sao Carlos, Brazil). Suspensions of 4T1 was irradiated in culture wells of a 96-well plate. For the cell viability evaluation, three energies densities were used. As the culture is well well-rounded, 0.35 cm 2 , the energies densities after 1, 3, and 9 minutes of laser irradiation, was similar to 6.85; 20.57; and 61.71 J / cm 2 respectively. The red laser light with emission wavelength of 660 nm was applied for a period of time (30 seconds to 9 minutes) to the experimental groups containing cell culture and extract. At the end of the experiments, a solution of PBS was substituted by cell culture. The MTT method [5, 6] served to measure cytotoxicity both in dark and under illumination. For generation singlet oxygen spectra the 6,6 mg of the dry extracts of Açaí were dissolved in 10 ml water solution. The absorption spectra of extracts solution were recorded on spectrophotometer (Shimadzu, Japan). The fluorescence steadystate and time-resolved measurements were carried out with Fluorolog-3 optical device (Horiba, Japan-France). This device is equipped with two detectors for working in visible and infrared regions.The radiation source of this device is a Xe lamp. The picosecond diodes (NanoLed) wavelength λ=405 nm (τ < 200 ps) was used to record the extract fluorescence lifetimes in visible region. To record spectrum and the emission lifetime of the singlet oxygen in Acai ethanol solution was used pulsed Xe lamp as a source and a cooled Solid State IR-detector with a PS/TC-1 controller.
RESULTS AND DISCUSSION
The search for potential PS for PDT among extracts from Amazonian plants begins with the study of their absorption spectra. The studied extract from the fruit of the Amazon palm Euterpe oleracea corresponds to the basic requirement for a candidate for PS for PDT, namely, absorption in a resonance region for molecular oxygen -600-800 nm (Fig. 1) . Are clearly visible peaks in the region from 600 to 800 nm Thus, according to this parameter, the water extract from the fruit of Açaí meets our hopes as a candidate for PDT and we were tested it for phototoxicity against the cancer cells of the line 4T1. The results of the test are shown in Fig. 2 . According to the data of the absorption analysis, a wide range of wavelengths (400-540 nm) can excite the fluorescence of molecules of the Açaí extract. As can be seen from Fig. 3b , the intensity of the second maximum (at λ = 670 nm) upon excitation with a wavelength of 420 nm is much higher than the emission intensity at 670 nm with 530 nm excitation (approximately 2-fold). At the same time, when 530 nm was excited, there was no fluorescence at 515 nm. We believe that this increase in the intensity of fluorescence can be due to the transfer of energy between the components of one extract by some mechanism. Further, the fluorescence lifetimes of the molecules of the given extract were measured at the two It should be noted that the duration of the luminescence of the second maximum exceeds the duration of the luminescence of the first maximum, which may be due to energy degradation over the vibrational sublevels of the singlet-excited states.
The biexponential model was used for experimental curves:
and the average lifetime:
where A, B1, B2 -kinetic parameters.
The results of kinetic measurements were presented in Table 1 . In the water solution of the Açaí extract, triplet states were detected at a wavelength of 720 nm when excited by a pulsed Xe lamp. The duration of the long-lived state was measured with the excitation wavelength of 530 nm and was approximately t ~ 13 μs. Thus, the generation of singlet oxygen in the solution of this extract is due to the energy transfer from the triplet-excited states of the extract molecules upon pulsed photoexcitation with a wavelength of 530 nm. In the conditions of the existence of long-living states in the molecules of the Açaí extract under excitation at wavelength 530 nm, it is possible to assume that the generation of singlet oxygen in the solvent cell can proceed according to the classical mechanism of generation of the active form of oxygen in the 1 Δ g state.
In accordance with known processes of interaction in collision molecular complexes consist of oxygen and excited molecules of the sensitizer can be written:
Processes (3) and (4) are realized because of diffusion contact between a molecule of a sensitizer and an oxygen molecule in a solvent. As a result of electron energy transfer from the triplet states of the sensitizer molecules of singlet oxygen in 1 Σ g + are formed with subsequent relaxation in 1 Δ g -a state that emits photons of luminescence at wavelength λ ≈1272 nm ( Figure 5 ). The molecules of singlet oxygen formed in the 1 Δ g state, in the process (3), which did not emit quanta of luminescence, diffusing to triplet-excited molecules of the sensitizer (Asai) in the solvent cell form a collisional contact complex (T ... 1 Δ g ) 3 and generate singlet-excited sensitizer molecules (singlet-triplet annihilation -STA) in reaction (4) . The collision complex with multiplicity (T ... 1 Δ g ) 3 in accordance with the Wigner rule splits into excited triplet states of the sensitizer and the oxygen molecule in 3 Σ g -ground state.
CONCLUSIONS
Thus, a candidate to photosensitizers to the PDT is proposed based on the aqueous extract from the fruit of the Amazon palm Euterpe olerácea (Açaí). For the first time directly shown that singlet oxygen is generated, among the reactive oxygen species (ROS) formed when the plant extract is irradiated with red light, which is, probably, the main responsible element for the phototoxicity of this extract. It is also shown that singlet oxygen can be excited red and green lights by two different activation mechanisms.
